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1
DENSITY CONTROL FOR A PRINTER

FIELD OF THE INVENTION

The present invention pertains generally to controlling the
density of the printed image generated by a monochrome
clectrostatic printer and more particularly to color electro-
static printers.

BACKGROUND OF THE INVENTION

In a full color printer, the quality of the printer output
relies on the printer parameters remaining within their
respective calibration limits. This typically means that the
optical densities of each color must be maintained within
prescribed values. For many printers, this 1s accomplished
by generating printed samples of each color at predeter-
mined parameter settings and then manually taking optical
density measurements of the samples with an external
densitometer or other equivalent density sensing instrument.
Then 1f the measured densities vary from the expected
densities, the operator based upon experience manually
makes corrections to the printer parameters to bring the
optical densities of each color 1nto the prescribed limits.

This 1s a tedious and long process and the results are error
prone. First, the tolerance limits prescribed by the printer
manufacturer are often too large, resulting 1n unacceptable
color shifts. Second, the process for obtaming the optical
densities are not automated and are prone to two types of
operator error. The first type of operator error 1s that the
operator can easily confuse or forget the density readings
manually taken. The second type of operator error 1s that the
operator may lack the skill or experience to take the appro-
priate corrective action. In addition, even a skilled operator
may not make optimal corrections because of the intricate

nature of the various parameter changes on toner density at
the various levels.

SUMMARY OF THE INVENTION

The present invention overcomes these and other disad-
vantages ol the prior art by providing in one aspect a method
for controlling the density of the printed medium of a printer
comprising the steps of: printing a control strip on the print
medium having at least two coverage patches having a first
and second different standard density; measuring the optical
density of each of said patches; determining a first and
second tolerance limit for said first and second patch,
respectively; determining whether the measured optical den-
sity of said first patch 1s within a first tolerance of the first
standard density; 1f said first measured optical density 1s not
within said tolerance of said first standard density, calculat-
ing a change of at least one printer parameter to change said
first density within said tolerance; calculating the effect of
said change of the printer parameters on the second optical
density; if said second optical density with said effect 1s not
within said second tolerance, calculating a change of at least
one other printer parameter so that said second optical
density with said effect 1s within said second tolerance, and
said first optical density 1s still within said first tolerance;
calculating new printer parameter settings from said
changes; and thereafter adjusting said printer parameters to
said new settings.

In accordance with another aspect of the invention, a
method 1s provided for correcting the density of the print
medium of a printer comprising the steps of: printing a
control strip on a print medium having at least three cover-
age patches of different densities, said patches having a first,
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a second, and a third standard density; measuring the optical
density of each of said patches on a print medium; deter-
mining a first, second and third tolerance limait for said first,
second and third patch, respectively; determining whether
the first measured optical density of said first patch 1s within
a first tolerance of the first standard density; if said first
measured optical density 1s not within said first tolerance of
said first standard value, calculating the change of a first
printer parameter to change said first density within said
tolerance; calculating the effect of said change of the printer
parameter on the second and third optical densities; deter-
mining whether the measured optical density of said second
patch with the effect of said printer parameter change 1s
within a second tolerance of the second known standard
density; if said second measured optical density 1s not within
said second tolerance of said second standard density, cal-
culating the change 1n a second printer parameter to change
said second density with said effect of said first printer
parameter change within said tolerance while still keeping
said first density within said first tolerance; calculating the
clfect of said change of the second printer parameter on the
third optical density; determining whether the measured
optical density of said third patch with said effect of said
change of said first and second printer parameter 1s within a
third tolerance of the third standard density; 1f said third
measured density with said effect of said first and second
printer parameter change 1s not within a third tolerance of
said third standard density, calculating the change of a third
printer parameter so that said third measured density 1s
within said tolerance; calculating new printer parameter
settings from said changes of said printer parameters; and
therecafter adjusting said printer parameters to said new
settings.

In accordance with another aspect of the invention, an
apparatus 1s provided for controlling the density of a printer
comprising: a printer mechanism adapted for printing upon
a medium having at least one print station; said print station
having at least two printer control parameters; said printer
mechanism adapted for printing a control strip on the print
medium having at least two coverage patches having a first
and second different standard density; a calibrated optical
sensor assembly adapted for measuring the optical density of
cach of said patches; a memory device for storing a first and
second tolerance limit for said first and second patch,
respectively; a control processor adapted for determining
whether the measured optical density of said first patch 1s
within a first tolerance of the first standard density; 1f said
first measured optical density 1s not within said tolerance of
said first standard density, said control processor adapted for
calculating a change of at least one printer parameter to
change said first density within said tolerance; said control
processor adapted for calculating the effect of said change of
the printer parameters on the second optical density; if said
second optical density with said effect 1s not within said
second tolerance, said control processor adapted for calcu-
lating a change of at least one other printer parameter so that
said second optical density with said effect 1s within said
second tolerance, and said first optical density 1s still within
said first tolerance; said control processor adapted for cal-
culating new printer parameter settings from said changes
and adjusting said printer parameters to said new settings.

In accordance with another aspect of the invention, an
apparatus 1s provided for controlling the density of a printer
comprising: a printer mechanism adapted for printing upon
a medium having at least one print station; said print station
having at least three printer control parameters; said printer
mechanism adapted for printing a control strip on the print
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medium having at least three coverage patches having a first,
seccond and third different standard density; a calibrated
optical sensor assembly adapted for measuring the optical
density of each of said patches; a memory device for storing
a first, second and third tolerance limait for said first, second
and third patch, respectively; a control processor adapted for
determining whether the first measured optical density of
said first patch 1s within a first tolerance of the first standard
density; if said first measured optical density 1s not within
said first tolerance of said first standard value, said control
processor adapted for calculating the change of a first printer
parameter to change said first density within said tolerance;
said control processor adapted for calculating the effect of
said change of the printer parameter on the second and third
optical densities; said control processor adapted for deter-
mining whether the measured optical density of said second
patch with the effect of said printer parameter change 1s
within a second tolerance of the second known standard
density; if said second measured optical density 1s not within
said second tolerance of said second standard density, said
control processor adapted for calculating the change in a
second printer parameter to change said second density with
said effect of said first printer parameter change within said
tolerance while still keeping said first density within said
first tolerance; said control processor adapted for calculating
the effect of said change of the second printer parameter on
the third optical density; said control processor adapted for
determining whether the measured optical density of said
third patch with said effect of said change of said first and
second printer parameter 1s within a third tolerance of the
third standard density; if said third measured density with
said effect of said first and second printer parameter change
1s not within a third tolerance of said third standard density,
said control processor adapted for calculating the change of
a third printer parameter so that said third measured density
1s within said tolerance; said control processor adapted for
calculating new printer parameter settings from said changes
of said printer parameters and adjusting said printer param-
eters to said new settings.

To the accomplishment of the foregoing and related ends,
the mvention then comprises the features hereinafter fully
described and particularly pointed out in the following
detailed description made with reference to the annexed
drawings which set forth in detail certain 1llustrative
embodiments of the invention, these being indicative
however, of but some of the various ways 1n which the
invention may be employed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic representation of a typical color
printer;

FIG. 2 1s a schematic representation of a color printing
station of the color electrostatic printer shown 1n FIG. 1;

FIGS. 3A and 3B are schematic views of the photocon-
ductive drum as shown 1n FIG. 2 with before and after
exposure of an 1image, respectively;

FIG. 3C 1s a schematic view of the developer unit shown
mn FIG. 2;

FIG. 4 1s a schematic view of the color printer assembly
of the present 1nvention;

FIGS. 5A-5C are block diagrams depicting the method of
the 1nvention;

FIG. 6 1s a plan view of a typical printer control strip;

FIGS. 7A-7C are graphical representations of the effect of
the wvariation of the light source intensity, toner
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concentration, and bias voltage on optical density,
respectively, of a electrostatic printer shown 1n FIG. 1; and

FIG. 8 1s graphical representation of three density mea-
surements taken within the tonal range and within an accept-
able tolerance.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Before discussing the particulars of the present invention,
a brief summary of color electrostatic printing will be
presented. FIG. 1 shows a typical color electrostatic printer
10 used primarily 1n industrial settings. The printer has a
paper supply and conditioner unit 12, a printing tower 14, a
paper output unit 16, a densitometer 18, and a printer control
computer 20 including a monitor 22 for use by an operator.
The paper supply and conditioning unit 12 contains a paper
reel 24 from which the paper 28 1s pulled through the printer
by web drive motor 26 as explained further, below. The
paper supply and conditioning unit 12 first unwinds the
paper 28 and then passes the paper through a splicing table
30, a heated paper drying roll 32, and a paper cooling unit
34 to ensure the paper 1s properly conditioned before enter-
ing the print stations. A paper condition sensor 36 monitors
the humidity and temperature of the paper to ensure the
paper 1s within specification. The paper then passes over a
first web drive motor 38 which controls the tension and
speed of the paper through the printer. The paper then enters
the printer tower unit 14 which contains 2 sets of four
printing stations, one set of printing stations for printing on
the front side of the paper and a second set of print stations
for printing on the backside of the paper. There are four
printing stations within each set because each printing
station prints a single color. Thus there 1s a yellow print
station 40, a cyan print station 42, and a magenta print
station 44 for printing color utilizing a color subftractive
process. There 1s also a black printing station 46 to print
black 1nk because this reduces the total quantity of ink
required while producing better gray and black tones.

Thus to achieve a particular color such as purple, the
appropriate percentages of magenta, yellow, cyan and black
are calculated using appropriate color rendering methods.
Then the appropriate percentage of yellow toner 1s printed at
the yellow print station. Next, the appropriate percentage of
cyan toner 1s printed over the yellow portion at the cyan print
station. Then the appropriate percentage of magenta toner 1s
printed over the yellow and cyan sections. Finally, black 1s
printed over the yellow, magenta and cyan sections, such
that the particular desired shade of purple 1s obtained.

The structure and method of operation of the print station
are well known 1n the art, but a brief review of such
operation will assist in describing the invention. Each of the
print stations operate similarly but with a different color or
black toner. FIG. 2 1s a schematic representation of a typical
clectrostatic print station 56. The print station comprises a
drum 58 having an exterior photoconductive surface 60. The
photoconductive surface 60 1s an insulator in darkness, but
when exposed to a light source 62 1t becomes conductive.
The drum 38 rotates as the paper 28 moves through the
printer. As shown 1n FIGS. 2 and 3A, the surface of the drum
60 1s charged to a uniform negative potential by means of a
main charge unit 76 which utilizes a corona (not shown) to
apply electrostatic charges upon the photoconductive sur-
face. Thus the photoconductive drum surface 60 i1s nega-
tively charged.

Next, the image to be printed 1s formed by the writing,
head 62 shown 1n FIG. 2. The image 1s ‘written’ by trans-
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mitting light onto the photoconductive drum’s surface 60 1n
the areas where the image should be, and no light where the
paper should remain white. In the area where the drum 1s
exposed to light, the photoconducting surface 60 becomes
conductive such that the charges flow to the ground and the
charge potential approaches zero. In the areas where the
drum 1s not exposed to light thus representing where the
paper 1s to remain white, the photoconductive surface 60
remains negatively charged. As a result, a latent electrostatic
image 64 (of the letter N) has been formed as shown in FIG.
3B.

The light source 62 which generates the 1image can be a
light emitting diode (LED) array mounted parallel to the
photoconductive drum axis. The LED’s are typically closely
spaced and can individually be turned on and off. As the
drum precisely rotates, the desired LED’s are turned on such
that the 1mage 1s generated dot by dot and then line by line.

The light source may also be a laser.

After the latent 1mage 1s written, the latent 1image 1s then
developed 1n the developer unit 66. The developer unit 66
deposits color or black toner particles 67 on the drum. The
developing unit 66 contains a mixture of toner and magne-
tisable carrier particles or beads which when stirred, become
tribo-electrically charged. Thus the toner will stick to the
carrier. The toner and carrier are attracted to a magnetic
roller 68 shown 1n FIG. 3C and form a magnetic brush 70.
When an area of the drum 58 containing a latent 1mage
rotates past the magnetic brush 70, the toner particles 67 will
be torn away from the carrier particles and attracted towards
the drum. The toner particles are attracted to the drum
because of the electrical field gradient between the drum and
the magnetic brush. The higher the intensity of light exposed
at a given location on the drum, the more the toner will be
attracted to the drum. The negatively charged toner will be
attracted to the relatively positive latent image on the drum
due to the positive electric field gradient in this region. The
carrier beads will remain 1 the developer unit because of the
magnetic attraction of magnetic roller, 68.

As shown 1n FIG. 2, the developed image on the drum 58
formed by the toner particles i1s transferred to the paper
passing the drum 58 by the transfer station coronas 72. Next
the drum 38 rotates past the cleaning station 74 where
remaining toner particles are removed. The print cycle
continues as the drum 58 passes the main charge unit 76 so
that the drum will be charged again.

After the paper has left the first print station, the paper
continues on to the next three printing stations where
different colors may be superimposed as described above. As
shown 1n FIG. 1, after the paper 28 has exited the print
stations 40—46, the paper 28 then passes through a fuser 48
which heats the toner particles to fuse them into the paper
fibers. The paper then enters a paper cooler 50 which cools
the surface temperature of the paper to near ambient con-
ditions. The paper then passes an optional densitometer 18
which senses the color density patches. The paper then
passes over a second web drive motor 26 whose function 1s
to pull the paper through the printer. The paper web then 1s
sliced 1n the cutter 52 and then stacked 1n the stacker 54.

The detailed aspects of the invention to control certain
print station parameters can now be presented. Although the
following features of the invention are described in relation
to an IBM Infocolor 70 color printer, this invention would
work for other monochrome and color printers as well. FIG.
4 1s a schematic block diagram of an automatic density
control assembly 80 for a color printer embodying the
apparatus and methods of the present invention. In accor-
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dance with the present invention, a computer or printer
control processor 82 1s coupled to a memory device 98 and
are used to store a set of: 1) optical density standard values
for a control strip; 2) a density control algorithm and
constants; and 3) variable arrays. The printer control pro-
cessor 82 also controls an electrostatic printing mechanism
84 which prints by applying color or black toner to a suitable
medium or substrate 85, as described above. As shown 1n
FIG. 4, the printing mechanism includes a Print station
control unit 86 (PSCU) coupled to a set of print stations
comprising cyan 42, magenta 44, black 46, and yellow 40,
for printing upon paper or other suitable medium.

A standard densitometer 18 such as a GRETAG Model
D19C with a sensing head 19 1s connected to the densito-
meter control unit (DCU) 102 which communicates to the
printer control processor 82. The densitometer 18 transmits
an electric signal to the DCU 102. The densitometer has the
ability to determine 1if the optical density measured 1s from
a cyan, magenta, yellow, or black printed patch. The electric
signal value can be a yellow optical density value 104, a
magenta optical density value 106, a cyan optical density
value 108 or a black optical density value 110, each at three
different coverage points which will be further discussed,
below. The DCU 102 communicates the electric signal
values to the printer control processor 82 which stores the
optical density values in the memory device 98. The printer
control processor 82 then determines whether each printer
station 1s printing color within 1ts specification by comparing
these measured density values of the control strip with the
standard values, and 1f necessary, calculates new printer
control parameters for each printing station such to bring the
color densities within acceptable tolerances. If densities
within acceptable tolerances cannot be achieved, the printer
control processor will calculate the printer parameters that
will bring the densities as close as possible to the standard
values, and flash an error message to the operator monitor
83. Next, the printer control processor 82 communicates the
revised printer control parameter settings 87-98 for each
printing station 40-46 to the print station control unit
(PSCU) 86. The printer control parameters which affect
color density are the intensity of the light source or LDA
(87,90,93,96), the bias voltage (89,92,95,98), and the toner
concentration (88,91,94,97), and these have a different effect
at different densities as will be discussed more fully, below.
Then the PSCU 86 updates each print station printer control

scttings 87-98 to the new values.

FIG. 5§ 1s a block flow chart illustrating a method for
controlling the densities of a color printer according to this
invention. An 1nitial step 120 of the method 1s to check the
calibration of the densitometer. If the densitometer 1s already
calibrated the densitometer calibration step may be skipped.
In the next step 122 the printer control processor commu-
nicates to the printer control to generate a standard color
control strip 124 of standard optical densities as 1s shown 1n
FIG. 6. The term standard optical density such as for
example, a 5% coverage patch, refers to the requested
ogeneration of a 0.1 optical density by the printer control
processor to the PSCU. The standard optical density value
will vary depending on the color and the amount of cover-
age.

The control strip typically comprises 16 color patches
where for each color and black there 1s a 5% or bias coverage
patch 125, a 90% or density coverage patch 126, a 95% or
transfer coverage patch 127, and a 100% or saturation
coverage patch 128. Hereinafter, the 5% coverage patch 125
will be referred to as the bias patch, the 90% patch 126 will
be referred to as the density patch, and the 95% coverage
patch 127 will be referred to as the transfer patch.
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The following steps describe the method for controlling
density at an electrostatic print station. Thus the following
steps must occur four times in a color printer, one for each
color and black print station. If the printer has eight print
stations as 1n FIG. 1, then the following steps are done eight
fimes. In step 130, the printer control processor will com-
municate with the DCU 102 control instructions such that
the densitometer will measure at least two coverage patches.
It 1s preferred that at least two of the coverage patches differ
by at least 25% 1 optical density. It 1s more preferred that
the two coverage patches have a 5% coverage and a 90%
coverage. It 1s additionally preferred that three coverage
patches be measured. It 1s more preferred that the three
coverage patches are elected from the groups having a
coverage range of 5—10%, 85—90%, and 95-100%. It 1s most
preferred that the three coverage patches be the bias patch
125, the density patch 126, and the transfer patch 127 for
cach color and black.

The DCU 102 will then communicate the densitometer
measurements 104-110 to the printer control processor 82
which will store the measured values 1n the memory device

98.

The next step 134 1s to determine the allowable tolerances
for the measured bias, transfer and density values. These
tolerances may vary for different printers. They will be
described with respect to an IBM Infocolor 70. The density
tolerance 1s generally two times smaller than the manufac-
turer’s specification. The bias tolerance 1s generally three
fimes smaller than the manufacturer’s specification. Last, the
transfer tolerance 1s roughly the manufacturer’s specifica-
fion.

In the next step 138, the printer control processor will take
the absolute value of the difference between the measured
bias and the standard bias to determine whether the mea-
sured bias 1s within its tolerance. This 1s represented by

equation 1 where measured bias 1s BIAS, the standard bias
1s BIASSTD, and the tolerance 1s ODTOL. It 1s preferred

that the tolerance be small and three times smaller than the
manufacturer specification. It 1s most preferably 0.03.

IBIAS—BIASSTD|<ODTOL (1)

In the next step 142, if the measured bias 1s not within
tolerance of the standard value 1.e., equation 1 is not true, the
printer control processor 82 will calculate a new bias voltage
value for the print station 40-46 such that the BIAS will be
corrected to the standard bias. It 1s important to note that the
bias voltage of a print station has a significant effect upon the
optical density of a printer at low densities as well as at
higcher densities, because the bias voltage regulates the
clectric field gradient between the photoconductor, 58 and
the developer, 66, which 1n turn regulates the amount of
toner deposited on the drum 58. The bias voltage 1s the
voltage of the developer unit 66 and typically ranges from
-630 to -540 volts. The drum 358 1s mitially charged
clectrostatically to approximately —650 volts. A latent image
64 on the drum 358 is relatively positive at approximately
—100 volts. The toner 67, acting as a charged particle within
an electric field, 1s attracted to the relatively positive latent
image 64 and repelled by the more negative drum surface
60. Thus decreasing the bias voltage results 1n a greater
clectric potential between the toner and the image 64 on the
drum 38, such that decreasing the bias voltage increases the
amount of deposited toner 67 onto the drum 1mage 64. As a
result of the decreasing bias voltage, the color density is
increased. Increasing the bias voltage decreases the amount
of deposited toner thus reducing the color density. Bias
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voltage change (AVBIAS) is thus linearly related to bias
density change (ABIAS) and is represented by equation 2,
below.

AVBIAS=-—CONSTANT*ABIAS (2)

The CONSTANT 1s expermmentally determined for a
orven toner based upon its characteristics. It 1s preferred that
CONSTANT for an IBM Infocolor 70 printer be 500.

To calculate a new bias voltage VB, .- as 1n step 142,
equation three 1s utilized. Equation 3 is derived from Equa-
tion (2), where VB, ...- 1s the newly calculated bias voltage
when the density 1s corrected to BIASSTD and VB, ,, 1s the
previous bias voltage setting which corresponds to the
measured bias.

VBuew=VB,, p—(500*(BIASSTD-BIAS)) (3)

After the new bias voltage VB, 1s calculated, the printer
control processor will check to ensure it 1s between 1ts upper
and lower limits which are dictated by the manufacturer of
the printer. In step 146, 11 the new bias voltage exceeds its
upper limit, it will be reset to the upper limit. In step 146, if
the bias voltage 1s below the lower limait, 1t will be reset to
the lower limit.

The next step 150 1s to calculate the effect of the bias
voltage change upon the measured density value. It 1s known
that bias voltage has an effect upon density as represented by
equation 4, where the change in density (ADENSVB) is
proportional to the change in bias voltage (AVBIAS), and
CBVOD 1s an experimentally derived constant equal to
0.007 for an IBM Infocolor 70 color printer.

ADENSVB=-CBVOD*AVBIAS=-CBVOD*(VBpguw— VB p) (4)

Thus as in step 154, 1n order to determine if the density
1s within tolerance, the effect of the bias voltage change on
density will be taken into account when comparing the
difference of the standard density and the measured density
prior to a bias voltage change with the tolerance as repre-
sented by equation 5 where: DENSTD 1s the standard
density, DENSITY 1s the measured density, DENTOL 1s the
density tolerance, VB, 15 the new bias voltage setting and
VB,; » 1s previous bias voltage setting.

[IDENSTD-DENSITY+CBVOD*(VBy s~ VB, 5)|>DENTOL  (5)

It 1s preferred that the density tolerance, DENTOL, be small,
¢.2., smaller than manufacturer’s recommendation, and
more preferably two times smaller. It 1s most preferred to be
0.05.

The next step 158 to be performed if density 1s not within
tolerance (i.e., equation 5 is false), is to adjust the intensity
of the light (hereinafter LDA) of the writing head 62 and the
toner concentration printer parameters in combination to
bring the density within specification. LDA, 1n comparison
to toner concentration, 1s relatively a faster acting variable
upon print density. Generally, 80% of the correction to
density 1s made by changing LDA and 20% of the density
correction 1s made by change 1n toner concentration.

LDA represents the intensity of a light source such as the
light emitting diode array exposure. As shown in FIG. 7A,
varying the LDA will result in a change of the exposure of
the LED array. As the LED array exposure 1s increased or
decreased, the density will increase or decrease. Thus
increasing the LDA will increase the density of the toner
because more toner will be deposited on the drum 58. A
change 1n LDA has a greater impact on the darker coverage

patches such as density and transfer than on the lighter
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coverage patches such as bias. Thus the effect of the change
in LDA on BIAS i1s small. The relationship between a
normalized change mn LDA with a change in density is
represented by equation 6 where CLDA 1s a proportionality
constant that can be experimentally determined. For an IBM

Infocolor 70, CLDA has a value of one.

ADENSITY
— ok CLLDA
DENSITY

ALDA  LDAngw — LDAorp (6)

LDA LDA o/

In order to calculate a new LDA setting as in step 158,
equation 7/ 1s substituted into equation 6, and represents the
difference between the standard density and the measured
density plus the change in density as a result of the bias
voltage change.

ADENSITY = (DENSTD — DENSITY) + (VBngw — VBorp)+ CBVOD ()

Equation 6 can then be solved for LDA, -+, which repre-
sents the new LDA setting that will correct density to the
standard density value as 1s shown in equation 8. The
variable PCTCORR represents the percent of the density
correction due to changing LDA and can vary from O to 1.
Thus 0.8 would represent an 80% correction due to LDA
changes. In equation 8 and the following equations, LDA_, ,
always represents the initial LDA setting.

3
LDAyrw = LDAo;pl1 + PCTCORR« [(DENSTD — DENSITY) + (®)

CLDA

Vb — VB + CBVOD]
(VBNEW OLD) | SENSITY

To complete step 158, a new toner concentration setting,
must also be determined. As 1s shown 1n FIG. 7B, an
Increase 1n toner concentration results 1n an increase 1In
density. The relationship between a normalized change 1n
foner concentration with a change in density 1s represented
by equation 9 where CTCO 1s a experimentally determined
constant and 1s approximately equal to 1.0 for an IBM
Infocolor 70 printer.

ADENSITY
DENSITY

ATC  TCyngw — TCoLp
TC TCor 1

(9)

A new toner concentration setting can be determined by
solving equation 9 for TC,,. ;- after substituting Equation 7
into equation 9 resulting 1 equation 10. In equation 10 and
the following equations, TC_,, represents the initial toner
concentration setting.

1C, 0w = (10)

TCopi + TCoyy % (1 — PCTCORR) + [(DENSTD — DENSITY) +

CTCO

VB - VB CBVOD
(VBnEW OLD) * | = SENSITY

If DENSITY 1s within 1ts tolerance, 1.e., equation 5 1s true,
then LDA, __ =LDA _,., and TC, _ =TC ,..

The next step 164 1s to determine whether the transfer 1s
within tolerance of the standard value. The effect of the
change 1 LDA on transfer will be taken into account in step
164 and i1s reflected 1n equation 12. The etfect of the change
1n bias voltage 1s already taken into account in the new LDA

10

15

20

25

30

35

40

45

50

55

60

65

10

and TC values obtained for density correction. The relation-
ship between a normalized change in LDA and a change 1n
transfer 1s shown by equation 11, where CTR 1s an experi-
mentally determined constant and 1s equal to approximately
one for an IBM Infocolor 70 printer.

AILDA  ATRANSFER « CTR
ILDA TRANSFER

(11)

Thus step 164 1s represented by equation 12 below, where
TOLTRAN 1s the transfer tolerance which 1s generally larger
in comparison to the other density tolerances.

(LDAHEW — L‘DAD!{-:]{)
(TRANSTD — TRANSFER) — CLDA = <
LDA 4

(12)

TOLTRAN

If equation 12 1s false, the LDA setting 1s increased to
correct the measured value TRANSFER to the standard
value TRANSTD, step 168. As represented by equation 14,
the new LDA setting 1s achieved by substituting equation 13

into equation 11 and solving for LDA. Equation 13 repre-
sents the difference in the standard transfer (TRANSTD) and

the measured transfer (TRANSFER) plus the change in
transier as a result of the previous change 1n the LD A setting.

ALDA
LDA

(13)

ATRANSFER = (TRANSTD — TRANSFER) — x CLDA

The equation for the LDA setting (LD A, zwxz) such to bring
the transfer to its correct value 1s represented by equation 14,
below.

CTR
=
TRANSFER

(14)

LDA, ovper = LDA 17| 1 +

(wAHEW - wAD!d)
[(TRANSTD — TRANSFER) — CLDA = ]

'L‘DAHEW

The variable LDA,_  1s then updated to the LDA,
value 1if TRANSFER has been corrected as represented by
equation 15, below.

LDA__ =LDA

Rencrl

(15)

The next step 170 1s to check density to ensure that
density 1s still within its tolerance taking into account the
clfect of the new change 1n LDA. The variable ERROR 1n
equation 16, below represents the absolute value of the
difference between the measured density and the standard
density with the change in bias voltage, LDA and toner
concentration taken into consideration. Thus 1if ERROR 1is
less than DENTOL as represented in equation 17, then
density 1s within tolerance.

16
ERROR = |(DENSTD — DENSTTY) + CBVOD(VBygw — VBorp ) + (16)

( LDAyew — LDAos p ][ DENSITY]
+

TC, .., — TC, ., ][DENSITY”
LDA 1 CLDA

TC,,, CTCO

ERROR<DENTOL (17)

If equation 17 1s not true, 1.€., density 1s not within 1ifs
tolerance, then LDA 1s changed again in Step 171. Equation
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18 1s utilized to obtain a new LDA setting which will bring,
density within 1ts tolerance. Thus density will be corrected
to a value within its tolerance as opposed to being corrected
to the standard value.

CLDA
DENSITY

18
LDA puae = LDA 5|1 + [ADENS]| 29

The variable LDA, _,, 1s then updated to the LDA, ;.. value
as 1 equation 19, below.
LDAnrzw:LDAu pdaie (1 9)

The variable ADENS 1n equation 18 1s determined by
equation 20 1if the variable ERROR from equation 16 1is
positive, and equation 21 if ERROR 1is negative, as shown
below.

ADENS=ERROR-DENTOL (20)

ADENS=ERROR+DENTOL (21)

Additionally, all the above changes to the printer param-
eters LDA, TC, and VBIAS are inherently limited to small
incremental changes of approximately 20% (of the full scale
value), since all equations were linearized, 1.e., the equations
represent linear approximations of curved functions. These
small changes are beneficial to the printer because it pro-
motes printer stability. If larger changes are necessary,
multiple passes of the above described process must be
taken. This situation rarely occurs.

The following steps 172-184 involve checking whether
the newly calculated LDA and toner concentration settings
arc within the printer’s limits. Step 172 1s to determine
whether the new LDA setting 1s below the LDA lower limit
(LDA, ). If the LDA setting is below the lower limit, then
a new toner concentration setting 1s calculated to compen-
sate for the LDA change such that the density 1s corrected,
represented by equation 22, and then the LDA 1s reset to the
lower limit as represented by equation 23. The variable

TC _  1sthen updated to the TC _ _ wvalue asin equation 24,
below.
LDA, .. —LDA, .1 [CTCO (22)
IChewer = TCha + 100 # ] ¥ [ }
LDA, ., CLDA
LDA, _ =LDA, = (23)
TC}’IE W=TCH cCWeEr (2 4)

Step 176 1s to determine whether the LD A setting exceeds its
upper limit (LDA,,; ;). If the upper limit is exceeded, a new
toner concentration value 1s calculated which corrects den-
sity by compensating for the change in LDA (equation 25),
and LDA is reset to the upper limit (equation 26). The
valuable TC, _  1s then updated to the TC value as 1n

FleEw’ FlEeWwer

equation 27, below.

TCHEWEI" — TCHEW + TCHEW *

LDA 4, — LDAy [CTCO] (25)
=
LDApi o CLDA

LDAnrzw:LDAh igh (2 6)

TC,  =TC

ReEwcr

(27)

Step 180 1s to determine whether the toner concentration
setting 1s below its lower limit (TC, ). If the toner setting
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is below the lower limit, a new LDA setting (equation 28) is
calculated to compensate for the change 1n toner setting such
that the density will still be corrected, the LDA__  variable
is updated to the LDA, _, ., value (equation 29), and then the
toner setting is reset equal to the lower limit (equation 30).

(TCHEW - TCJGW) [CLDA] (28)
LDA, ... = LDA,., + LDA, .. * :4::
TC,. CTCO
LDA 0, =LDA 00, (29)
TCHE W=TC!U W (3 U)

Step 184 1s to determine whether the toner concentration
setting exceeds 1ts upper limit. If the upper limit 1s exceeded,
a new LDA setting 1s calculated which compensates for the
change 1n toner setting such that the density 1s still main-
tained within its tolerance (equation 31), the LDA, _, vari-
able is updated to the LDA, ., ., value (equation 32), and
then the toner concentration setting 1s reset to the upper limait
(equation 33).

TC,,, — TC, CLDA) (30
LDA,....= LDA,... + LDA, . = ( high) | ) B9
TChig CTCO
LDATIEW= LDATI il & B o (3 2)
TCHE W=TCH igh (3 3)

If the correct values of density and transfer cannot be
obtained because LDA and TC are at their limits, an error
message will be sent to the monitor 83 to notify the operator
of the mability to fully correct the densities to within their
respective tolerances.

In summary, steps 120-184 have performed an analysis
over the range of densities (see FIG. 8) to determine whether
cach nominal density 1s within its tolerance of the standard
density and if not, calculate new printer parameter settings
(TC,,..., VB, .. ,and LDA, _ ) tobring the densities within an
acceptable range. Then the parameter settings are checked to
ensure they are within the printer’s allowable limits. If any
of the parameter settings are out of range, the deviant
parameter setting 1s brought within range and another printer
parameter 1s changed such that the pertinent density 1s still
within range. The steps 130-184 are then repeated for each
remaining print stations. Step 188 1s an optional step which
repeats the entire process 1.€., steps 120—-190 such that more
accurate printer parameter settings can be determined. The
last step 190 will be for the printer control processor to
implement the 3 calculated printer parameter settings for
cach print station by sending the updated parameters to the
Print Station Control Unat.

In a second embodiment the densitometer measures a
number of control strips and the print control processor
calculates and utilizes the average of the control strip values
to correct density.

A third embodiment of the present invention 1s a semi-
automatic version of the above described invention, where
the densitometer 1s located external to the printer and 1is
connected to the printer control processor by a serial con-
nection or other means to transier the densitometer output to
the printer control processor. An operator manually sets up
the densitometer such that 1t measures the control strip
optical densities. Each densitometer reading 1s then com-
municated to the printer control processor. After the control
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strip measurements are performed, the printer control pro-
cessor then calculates the new printer control settings to
correct the optical densities for each print station. The
operator 1s prompted by the printer whether to accept some
or all of the changes. The operator has the option to select
some or all of the changes to be implemented.

The operator also has the option to not measure all of the
patches on the control strip. The algorithm will use what
information 1s presented and make no assumptions regarding
the unmeasured patches.

Although the invention has been described with respect to
a color electrostatic printer, other printers such as color or
monochrome laser printers and color or monochrome 1nk jet
printers could be utilized as well. Although the invention has
been disclosed and described with respect to certain pre-
ferred embodiments, certain variations and modifications
may occur to those skilled in the art upon reading this
specification. Any such variations and modifications are
within the purview of the invention notwithstanding the
defining limitations of the accompanying claims and equiva-
lents thereof.

What 1s claimed 1s:

1. A method for controlling a density of a printed 1image
on a medium of a printer comprising the steps of:

providing a printer comprising a memory device, an
optical sensor, a control processor, and printer control
parameters selected from the group consisting of: light
exposure, toner concentration and bias voltage;

printing a control strip on the print medium having a bias
patch and a density patch, wherein each of said patches
has different standard optical density;

measuring an optical density of said bias patch and said
density patch;

determining a bias tolerance limit for said bias patch and
a density tolerance limit for said density patch;

calculating a new bias voltage and a corrected optical
density of said density patch using the following equa-
tions if the optical density of said bias patch 1s not
within said bias tolerance limit of said bias standard
optical density:

VBy£w=VBo; p—(CBVOD*(BIASSTD-BIAS))

DENCOR=DENSTD-DENSITY+CBVOD*(VB, 4+~ VB5, p)

wherein said V.- 1s the new bias voltage, VB, , 1s the
measured bias voltage of said printer, CBVOD 1s an experi-
mentally determined constant, BIASSTD 1s the bias stan-
dard optical density, BIAS 1s the optical density of the bias
patch, DENCOR 1s the corrected optical density of said
density patch, DENSTD 1s the standard optical density of
said density patch, and DENSITY 1s the optical density of
the density patch;

calculating a new light exposure setting (LDA ) and a
new toner concentration setting (TC,,.+,,) of said printer
using the following equations 1if the corrected optical
density of the density patch 1s not within said density
tolerance limit of the standard optical density of the
density patch:

LDAyvrw = LDAo;pl1 + PCTCORR « [(DENSTD — DENSITY) +

CLDA
DENSITY

(VBNEW — VBQLQ) 2 CBVOD] &
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TCnvew = TCorp + TCorp + (1 — PCTCORR) + [(DENSTD — DENSITY) +

CICO

VB - VB + CBVOD|
(VByEW OLD) | DENSITY

wherein PCTCORR 1s a real number between 0 and 1,
CBVOD, CLDA, CICO are experimentally deter-
mined constants, LDA,;, 1s a measured light
exposure, and TC,, , 1S a measured toner concentra-
tion; and

adjusting the voltage bias setting of said printer to

VB, w, adjusting the light exposure setting of the
printer to LDA, - and adjusting a toner concentration
setting of the printer to said TC,, ., value.

2. The method of claim 1 wherein said bias patch and said
density patch have at least a 25% difference 1n standard
optical density.

3. The method of claim 1 wherein said bias patch has a
standard optical density in the range of about 5-10%.

4. The method of claim 1 wherein said density patch has
a standard optical density in the range of about 90-100%.

5. The method of claim 4 wherein said bias tolerance limit
of the bias patch 1s two times smaller than a manufacturer’s
bias tolerance, and said density tolerance limit of the density
patch 1s three times smaller than the manufacturer’s densty
tolerance.

6. The method of claim 1 wherein said optical density of
said bias patch and said density patch 1s an average of at least
two measurements.

7. The method of claim 1 wherein said bias tolerance limit
and density tolerance limit are equal to a manufacturer’s bias
tolerance and a manufacturer’s density tolerance, respec-
fively.

8. Amethod for correcting a density of a printed image of
a medium of a printer comprising the steps of:

providing a printer comprising a memory device, an
optical sensor, a control processor, and printer control
parameters selected from the group consisting of: light
exposure, toner concentration and bias voltage;

printing a control strip on the print medium having a bias
patch, a density patch, and a transfer patch, wherein the
bias patch, the density patch and the transfer patch each
has a standard optical density;

measuring an optical density of the bias patch, the density
patch and the transfer patch on the print medium;

determining a bias tolerance limit for said bias patch, a
density tolerance for said density patch, and a transfer
tolerance limit for said transfer patch;

calculating a new bias voltage and a corrected optical
density of said density patch using the following equa-
tions 1f the optical density of said bias patch 1s not
within said bias tolerance limit of said bias standard
optical density:

VByen=VBo; ,-(CBVOD*(BIASSTD-BIAS))

DENCOR=DENSTD-DENSITY+CBVOD* (VB 4w~ VB p)

wherein said VB, - 1s the new bias voltage, VB, ,, 1s the
measured bias voltage of said printer, CBVOD 1s an experi-
mentally determined constant, BIASSTD 1s the bias stan-
dard optical density, BIAS 1s the optical density of the bias
patch, DENCOR 1s the corrected optical density of said
density patch, DENSTD 1s the standard optical density of
said density patch, and DENSITY 1s the optical density of
the density patch;
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calculating a new light exposure setting (LDA, ) and a
new toner concentration setting (TC,,.+,,) of said printer
using the following equations 1if the corrected optical
density of the density patch 1s not within said density
tolerance limit of the standard optical density of the
density patch:

LDAyrw = LDAo;pl1 + PCTCORR « [(DENSTD — DENSITY) +

CLDA

Vb - Vb + CBVOD]| %
(VBNEW OLD) | DENSITY

TCniw = TCorp + TCoyp % (1 — PCTCORR) % [(DENSTD — DENSITY) +
(VB VBoy )+ CBYOD) c1co
—_ = *
NEW OLD DENSITY

wherein PCTCORR 1s a real number between 0 and 1,
CBVOD, CLDA, CICO are experimentally deter-

mined constants, LDA; ,, 1s a measured light exposure
and TC,, ,, 1s a measured toner concentration; and

calculating a new light exposure setting, a new toner
concentration setting and a corrected transfer optical
density (TRANSCOR) using the following equations if
the corrected optical density of the density patch 1s not
within said density tolerance limit of the standard
optical density of the density patch:

LDAyvrw = LDAo;pl1 + PCTCORR « [(DENSTD — DENSITY) +

CLDA

Vb - VE CBVOD
(VByEW OLD) ¥ hDENSITY

TCnvew = TCorp + TCorp + (1 — PCTCORR) + [(DENSTD — DENSITY) +

(VB VBoyp)* CBVOD] c1c0
— =k =S
W RO DENSITY
(LDAngw — LDAorp)
(TRANSTD — TRANSFER) — CLDA = el OLD | _
LDAosp
TRANSCOR

wherein TRANSTD 1s a standard transfer optical density,
and TRANSFER 1s a measured transfer optical density;

calculating a new light exposure setting (LDA ;- wrr) 1f
the corrected transfer optical density 1s not within the
transfer tolerance limit of the standard optical density
of the transfer patch using the following equations:

DANEWER =

CTR
LDAyip|1 + * [(TRANSTD _ TRANSFER) — CLDA «
TRANSFER

(LDANgw — LDAgp)
LDA vrw

” LDAngw = LDANEWER;

and adjusting a bias voltage setting of said printer to the
VB, adjusting a light exposure setting of the printer
to the LDA, v, and adjusting a toner concentration
setting of the printer to said TC,.- value.
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9. The method of claim 8 wherein said bias patch and said
density patch have at least a 25% difference in standard
optical density.

10. The method of claim 8 wherein said bias patch has a
standard optical density 1n the range of about 5-10%, and
the density patch has a standard optical density in the range
of about 85-90% and said transfer patch has a standard
optical density 1n the range of about 95-100%.

11. The method of claim 10 wherein a bias tolerance limit
for the bias patch 1s two times smaller than a manufacturer’s
bias tolerance, and a density tolerance limit for the density
patch 1s three times smaller than the manufacturer’s density
tolerance and the transfer tolerance of the transfer patch is
equal to the manufacturer’s transfer tolerance.

12. The method of claim 8 wherein said bias, density and
transier patches have a standard optical density of about 5%,
90% and 95%, respectively.

13. The method of claim 8 wherein said optical density of
said bias, transfer and density patches are an average of at
least two measurements.

14. The method of claim 8 wherein said bias tolerance
limit 1s equal to a manufacturer’s bias tolerance, a density
tolerance limit 1s equal to a manufacturer’s density
tolerance, and the transfer tolerance limit is equal to a
manufacturer’s transfer tolerance.

15. An apparatus for controlling a density of a printer
comprising;:

a printer mechanism adapted for printing upon a medium
having at least one print station with said print station
having printer control parameters comprising toner
concentration, bias voltage, and light exposure;

said printer mechanism adapted for printing a control strip
on the print medium having bias patch and a density
patch, wherein each of said patches has a standard
optical density which 1s different from each other;

a calibrated optical sensor assembly adapted for measur-
ing an optical density of said bias and density patches;

a memory device for storing a bias tolerance limit and a

density tolerance limit for said bias and density
patches, respectively;

a control processor adapted for calculating a new bias
voltage and a corrected optical density of said density
patch using the following equations if the opfical
density of said bias 1s not within said bias tolerance
limit of said standard optical density of said bias patch:

VB,rw=VB,, ,—(CBVOD*(BIASSTD-BIAS))

DENCOR=DENSTD-DENSITY+CBVOD*(VB, VB, 1)

wherein said VB, - 15 the new bias voltage, VB, 5, 1s the
measured bias voltage of said printer, CBVOD 1s an experi-
mentally determined constant, BIASSTD 1s the standard
optical density of the bias patch, BIAS 1s the optical density
of the bias patch, DENCOR 1s the corrected optical density
of said density patch, DENSTD 1s the standard opfical
density of said density patch, and DENSITY 1is the optical
density of the density patch;

said control processor further adapted to calculating a new
light exposure setting (LDA, ) and a new toner
concentration setting (TC,zy,) of said printer using the
following equations 1f the corrected optical density of
the density patch 1s not within said density tolerance
limit of the density standard optical density:
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LDA,_ . = LDAoip|1 + PCTCORR = [(DENSTD — DENSITY) +

CLDA

(VB,..,— VB, )+ CBVOD] =
DENSITY

TCrnviw = TCorp + TCosp % (1 = PCTCORR)  [(DENSTD — DENSITY) +

C1CO
DENSITY

(VByew — VBorp )= CBVOD] =

wherein PCTCORR 1s a real number between 0 and 1,
CBVOD, CLDA, CICO are experimentally deter-
mined constants, LDA_,,, 1s a measured light
exposure, and TC,; , 1s a measured toner concentra-
tion; and

said control processor further adapted to adjusting the bias
voltage setting of said printer to VB, .~ adjusting the
light exposure setting of the printer to LDA,, . and
adjusting a toner concentration setting of the printer to
sald TCy v value.

16. The apparatus as in claim 15 wherein said optical
sensor assembly 1s a densitometer.

17. The apparatus as 1n claim 15 wherein said printer 1s a
color printer comprising at least three print stations.

18. The apparatus as in claim 15 wherein said bias patch
and said density patch have at least a 25% diflerence 1n
standard optical density.

19. The apparatus as 1n claim 15 wherein said bias and
density patches have a standard optical density 1n the range
of about 5-10% and about 90-100% respectively.

20. The apparatus as 1n claim 19 wherein said bias
tolerance limit of the bias patch 1s two times smaller than a
manufacturer’s bias tolerance, and said density tolerance
limit of the density patch i1s three times smaller than the
manufacturer’s density tolerance.

21. The apparatus as 1 claim 15 wherein said optical
density of said bias patch and the density patch i1s an average
of at least two measurements.

22. The apparatus as 1n claim 15 wherein said bias
tolerance limit 1s equal to a manufacturer’s bias tolerance.

23. An apparatus for controlling a density of a printer
comprising;

a printer mechanism adapted for printing upon a medium
having at least one print station with said print station
having printer control parameters comprising toner
concentration, bias voltage and light exposure;

said printer mechanism, adapted for printing a control
strip on the print medium having a bias patch, a density
patch, and a transfer patch, wherein each of said
patches has a standard optical density which 1s different

from each other;

a calibrated optical sensor assembly adapted for measur-
ing an optical density of said bias patch, said density
patch and said transfer patch;

a memory device for storing a bias tolerance limit, a
density transfer limit and a transfer tolerance limit for
said bias patch, said density patch and said transfer
patch, respectively;

a control processor adapted for calculating a new bias
voltage and a corrected optical density of said density
patch using the following equations if the bias optical
density 1s not within said bias tolerance limit of said
bias standard optical density:
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VBuen=VBo; 5~ (CBVOD*(BIASSTD-BIAS))
DENCOR=DENSTD-DENSITY+CBVOD*(VBzw-VBo; p)

wherein said VB, __ 1s the new bias voltage, V,_,, 1s the

measured bias voltage of said printer, CBVOQ 1s an experi-
mentally determined constant, BIASSTQ 1s the standard
optical density of the bias patch, BIAS 1s the optical density
of the bias patch, DENCOR 1s the corrected optical density
of said density patch, DENSTD 1s the standard optical

density of said density patch, and DENSITY 1s the optical
density of the density patch,

said control processor further adapted for calculating a
new light exposure setting (LDA,zw), @ new toner
concentration setting (T'C,zw), and a corrected transfer
optical density (TRANSCOR) using the following
equations if the corrected optical density of the density
patch 1s not within said density tolerance limit of the
standard optical density for the density patch:

LDA, .. = LDAy;p|1 + PCTCORR = [(DENSTD — DENSITY) +

CLDA

(VB,..,— VB, )« CBVOD] =
DENSITY

TCnvgw = TCorp + TCorp +(1 — PCTCORR) + [(DENSTD — DENSITY) +

VB VB CBVOD] & —

(VByew — VBorp) * | = DENSITY
LDAyzw — LDA

(TRANSTD — TRANSFER) — CLDA = (LDANEW OLD)| _ rRANSCOR

LDAop

wherein PCTCORR 1s a real number between 0 and 1,
CBVOD, CLDA, CTCO are experimentally deter-
mined constants, LDAOLD 1s a measured light
exposure, TCOLD 1s a measured toner concentration,
TRANSTD 1s a standard transfer optical density, and
TRANSFER 1s a measured transfer optical density;

said control processor adapted for calculating a new light
exposure setting (LDAzwzr) 1f the corrected transfer
optical density 1s not within the transfer tolerance limat
of the standard optical density of the transfer patch
using the following equations:

wAnewer —

CTK
+ 2S
TRANSFER

(LDANEw — LDAgp)
LDAoin

LDAo;p 1

((TRANSTD— TRANSFER) — CLDA =

]]LDANEW = LDA, s

said control processor further adapted to adjusting the
bias voltage setting of said printer to VB, adjusting
the light exposure setting of the printer to LDA,,..,- and
adjusting a toner concentration setting of the printer to
sald TC,, .- value.

24. The apparatus as 1n claim 23 wherein said opftical
sensor assembly 1s a densitometer.

25. The apparatus as 1n claim 23 wherein said printer 1s a
color electrostatic printer comprising at least three print
stations.

26. The apparatus as 1n claim 23 wherein two of said three
coverage patches have at least a 25% difference 1n optical
density.
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27. The apparatus as 1n claim 23 wherein said bias patch
has a standard optical density 1n the range of about 5-10%,
and the density patch has a standard optical density in the
range of about 85-90% and the transfer patch has a standard
optical density 1 the range of about 95-100%.

28. The apparatus as in claim 27 wherein a bias tolerance
limit for the bias patch i1s two times smaller than a manu-
facturer’s bias tolerance, and a density tolerance limait for the
density patch is three times smaller than the manufacturer’s
density tolerance and the transfer tolerance of the transfer
patch 1s the manufacturer’s transfer tolerance.

29. The apparatus as in claim 23 wherein said bias,

density and transfer patches have a standard optical density
of about 5%, 90% and 95%, respectively.
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30. The apparatus as 1n claim 29 wherein said bias
tolerance limit of the bias patch 1s two times smaller than a
manufacturer’s bias tolerance, and said density tolerance
limit of the density patch is three times smaller than the
manufacturer’s density tolerance and said transfer tolerance
of the transfer patch 1s the manufacturer’s transfer tolerance.

31. The apparatus as 1 claim 23 wherein said measure-
ments of said optical densities of said bias, density and
transfer patches are an average of at least two measurements.

32. The apparatus as 1n claim 23 wheremn said bias
tolerance limit 1s equal to a manufacturer’s bias tolerance.
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